Design. An experimental study of motor and sensory function and psychological distress in subjects with acute whiplash injury.
1
There is growing evidence to suggest that chronic whiplash associated disorders (WAD) of more than 3 months duration are associated with disturbances in motor function, [2] [3] [4] generalized sensory hypersensitivity likely as a result of sensitized pain pathways within the central nervous system, [5] [6] [7] [8] and psychological distress. 9 -11 In contrast, the knowledge of such mechanisms in the acute period after a whiplash injury is sparse. Loss of active range of movement soon after injury is wellrecognized, 9, 12 but the presence of other motor dysfunction such as changed muscle recruitment patterns or kinanesthetic deficits has not been investigated. Similarly the existence of hypersensitivity at this stage of injury is largely unknown. While Kasch et al 13 demonstrated mechanical hyperalgesia locally within the cervical spine of acutely injured WAD subjects, they could not identify any such effects at remote uninjured sites (as occurs in subjects with chronic WAD). However, these authors did not explore the possibility that such changes may occur only in some patients, a likely important factor. For example, Yerner et al (2001) 14 showed that altered sensory responses in cutaneous areas supplied by the trigeminal nerve occurred only in a subgroup of WAD patients. Likewise knowledge of the early psychological response to whiplash injury is limited. The few studies that have investigated this aspect mostly maintain that psychological responses are within normal ranges soon after injury and the psychological distress seen later is a consequence of ongoing pain and disability, 9, 15 although some evidence has been presented of high levels of emotional distress within days of the injury. 16 However, in contrast to other musculoskeletal conditions such as low back pain, investigation of the influence of psychological factors on WAD has been far from comprehensive.
Factors identified soon after injury, which are recognized as being predictors of outcome after whiplash injury, are few. 17 One factor, which consistently predicts a poor outcome, is the patient's reported pain intensity soon after the accident. 10, 17 Furthermore, subgroups of acute whiplash patients who may be more at risk for persistent pain are beginning to be identified. 14, 18 For these reasons, when investigating acute whiplash, it may be prudent to differentiate those persons with higher ini-tial pain and disability post accident from those with lesser symptoms.
The aim of this study was to characterize acute WAD in terms of changes in motor function, sensory disturbances, and psychological factors and to investigate any differences between those who report higher pain and disability from those with lesser symptoms. As psychological factors such as fear of movement beliefs have been shown to influence measures of motor function (albeit in low-back pain) 19 and psychological distress, particularly anxiety, can affect pain threshold measures, 20 it was a further aim to determine if any changes in motor function or sensory testing were influenced by such psychological factors.
Materials and Methods
Subjects. Eighty volunteers (24 males, 56 females, mean age 33.5 Ϯ 14.7 years) reporting neck pain as a result of a motor vehicle crash and 20 healthy asymptomatic volunteers (9 males, 11 females, mean age 39.5 Ϯ 14.6 years) participated in the study. The whiplash subjects were recruited within 1 month of injury via hospital accident and emergency departments, primary care practices (medical and physiotherapy), and from advertisement within radio and print media. They were eligible if they met the Quebec Task Force Classification of WAD II or III. 21 Subjects were excluded if they had WAD IV, experienced concussion, loss of consciousness or head injury as a result of the accident, and if they reported a previous history of whiplash, neck pain, headaches, or psychiatric condition that required treatment. The asymptomatic control group was recruited from the general community via print media advertisement. The asymptomatic subjects were included provided they had never experienced any previous pain or trauma to the cervical spine, head, or upper quadrant. Ethical clearance for this study was granted from the Medical Research Ethics Committee of The University of Queensland.
Measures of Motor Function
Active range of movement. Range of active cervical movement was measured in three dimensions using an electromagnetic motion tracking device (Fastrak, Polhemius, USA). 4, 22 Output from the device was converted to Euler angles to describe the motion of sensor 1 (placed on the forehead) relative to sensor 2 (placed over C7). A custom computer program was developed to allow real-time viewing of the motion trace, placement of markers in the data trace, as well as storage of data. The Fastrak system has been used previously to investigate range of movement (ROM) in neck pain disorders 4 and has been shown to be accurate to within Ϯ 0.2 degrees. 23 Means of three trials for each direction of ROM (flexion, extension, left and right lateral flexion and rotation) were calculated and used for analysis.
Cervical joint position error. Joint position error (JPE) was measured according to Revel et al 24 by using the Fastrak system and the set-up described for ROM. The subjects' ability, while blindfolded, to relocate the head to a natural head posture was measured after active cervical left and right rotation and extension. JPE was calculated by using the mean of the absolute errors for three trials of each movement for the primary movement direction.
Superficial neck flexor muscle activity. Surface electromyography (EMG) was used to measure the activity of the superficial neck flexor muscles during the cranio-cervical flexion test (CCFT). 2, 25 The CCFT is a progressively staged test of craniocervical flexion performed in the supine lying position without resistance. Subjects are guided to progressively increasing ranges of flexion with use of biofeedback provided by an airfilled pressure sensor positioned behind the neck that monitors the slight flattening of the cervical lordosis that occurs with the test stages. 26, 27 Pairs of standard Ag-AgCl electrodes (Conmed, USA) were positioned along the lower one third of the muscle bellies of both sternocleidomastoid (SCM) muscles. 28 The EMG signals were passed through a 10-Hz high-pass filter and amplified to 20,000 U using an AMLAB data acquisition system (Associated Measurements Pty Ltd, Australia). For EMG data, the 1 second of maximum root mean square (RMS) values was calculated for each stage of the test. The maximum RMS was standardized against EMG activity (RMS) in the superficial neck flexor muscles during a standard head lift task. 25 Standardized EMG values were used for analysis.
Quantitative Sensory Tests
Pressure pain threshold. Pressure pain thresholds (PPTs) were measured using a pressure algometer (Somedic AB, Farsta, Sweden). The probe size used was 1 cm 2 and the rate of application was set at 40 kPa/sec. PPTs were measured in triplicate at two bilateral cervical spine sites (over the articular pillars of C2/3 and C5/6), at three bilateral upper limb sites (over the three peripheral nerve trunks), and at a bilateral remote site (tibialis anterior). These sites have been previously used in investigation of chronic WAD. 8 The subjects were requested to push a button when the sensation changed from one of pressure alone to one of pressure and pain. 29 Triplicate recordings were taken at each site and the mean value for each site used in the analysis.
Thermal pain thresholds. Thermal pain thresholds were measured bilaterally over the cervical spine using the Thermotest system (Somedic AB). The thermode was placed over the skin of the mid cervical region and preset to 30°C, with the rate of temperature change being 1°C per second. To identify cold pain thresholds (CPT) and heat pain thresholds (HPT), subjects were asked to push a patient-controlled switch when the cold or warm sensation first became painful. 30, 31 Triplicate recordings were taken at each site and the mean value for each site used in the analysis.
Brachial plexus provocation test. The brachial plexus provocation test (BPPT) was performed as described previously and in the following sequence: gentle shoulder girdle depression, glenohumeral abduction and external rotation in the coronal plane, wrist and finger extension, and elbow extension. 32, 33 The range of elbow extension was measured at the subjects' pain threshold using a standard goniometer aligned along the mid humeral shaft, medial epicondyle, and ulnar styloid. 34, 35 If the subject did not experience pain, the test was continued until end of available range. At the completion of this test, the subjects were asked to record their pain on a 10-cm visual analogue scale (VAS).
Psychological questionnaires. Self-reported pain and disability was measured in all whiplash subjects using the Neck Disability Index (NDI). 36 WAD subjects also completed the General Health Questionnaire 28 (GHQ-28) 37 as a measure of general psychological distress, the TAMPA questionnaire as an indicator of the fear of movement/reinjury, 38 and the Impact of Events Scale (IES) 39 as a measure of posttraumatic stress.
Procedure. The whiplash subjects first completed the NDI, GHQ-28, TAMPA, and IES questionnaires. Testing of both whiplash and asymptomatic subjects was performed in the following sequence: ROM, JPE, CCFT, BPPT, PPT, CPT, and HPT. The same examiner (M.S.) performed all tests. This examiner remained blind to the subjects' responses on all questionnaires. For all tests no verbal cues/feedback were given to the subjects about their performance. After completion of the questionnaires, the subjects were seated, the Fastrak sensors applied, and ROM was measured. Subjects were instructed to assume a comfortable position looking straight ahead, then to perform each movement three times. They were encouraged to move at a comfortable speed, as far as possible each time and return to the start position between each repetition. The order of movements assessed was flexion, left lateral flexion, right lateral flexion, left rotation, right rotation, and extension.
Subjects were then blindfolded and kinanesthetic testing was performed. They were asked to perform the neck movements within comfortable limits and return as accurately as possible to the starting position, which they indicated verbally. This position was recorded electronically. Three trials of each movement direction were performed in the following order: left rotation, right rotation, and extension. Before each new movement direction, the subjects were able to realign their starting position to a visible target before being blindfolded again.
The subjects were then positioned supine, EMG electrodes were applied, and the CCFT was performed. Each stage of the test was held for 10 seconds. For purposes of normalization of EMG data, a standard head lift task was performed. 25 This involved the participant performing cranio-cervical flexion and just lifting the head off the plinth.
The BPPT was then performed first on the left arm and then repeated on the right arm. PPTs were then measured in the following order: tibialis anterior, median, radial and ulnar nerves, C5/6, and C2/3. At all sites, the left side was measured first, followed by the right side. Thermal pain thresholds were then measured over the cervical spine, CPTs followed by HPTs. In both instances, the left side was measured first.
Data Analysis. A cluster analysis (based on the K-means algorithm) was used to classify the whiplash subjects into three subgroups, using NDI scores as the input variables. The three whiplash subgroups and the control group were then compared on baseline variables (motor, quantitative sensory, and psychological measures) using a MANCOVA and planned comparisons. Age and gender were included as co-variates in the analysis. To account for any effect of psychological factors on the motor and sensory measures, MANCOVAs were used to analyze the whiplash data (motor and quantitative sensory measures) with scores of the TAMPA as co-variates in analysis of motor function measures and with GHQ-28 scores in the analysis of quantitative sensory measures. Because of the number of analyses performed, significance was nominated at P Ͻ 0.01 for all analyses.
Results
The cluster analysis identified three subgroups within the whiplash group based on NDI scores (Table 1) . Three (3.8%) subjects could be classified as WAD III, with the remainder (96.2%) being WAD II, as per the QTF classification system. 21 Two of the WAD III subjects were part of the group with severe symptoms with the remaining WAD III subject being in the group with moderate symptoms. For convenience, the groups were designated as those reporting mild, moderate, or severe symptoms. Initial repeated measures ANOVA revealed no difference between sides for all quantitative sensory tests or the bilateral movement directions of lateral flexion and rotation (P Ͼ 0.05); therefore, the mean values for right and left sides were combined and used in further analysis.
Measures of Motor Function
Measures of motor function are provided in Table 2 . All three whiplash groups demonstrated less range of movement in all directions when compared to controls (P Ͻ 0.01) with the severe group also showing less range of extension and left rotation than the other two whiplash groups (P Ͻ 0.01). The groups with severe or moderate symptoms demonstrated JPEs (right rotation) of 4.5 Ϯ 0.4 degrees (marginal mean Ϯ SEM), which were greater than the group with mild pain (2.6 Ϯ 0.4 degrees) and the control group (2.3 Ϯ 0.5 degrees) (P Ͻ 0.01) with no difference between the latter two groups (P ϭ 0.63). The group with severe symptoms also showed greater JPE (extension) (5.4 Ϯ 0.9 degrees) than the other two whiplash groups (mild: 3.6 Ϯ 0.4 degrees, moderate: 3.5 Ϯ 0.5 degrees) and the control group (2.9 Ϯ 0.6 degrees) (P Ͻ 0.01). There were no group differences for JPE (left rotation) (P Ͼ 0.3). EMG activity of the superficial neck flexors in the group with severe symptoms was 47 Ϯ 4%, which was significantly greater than the EMG activity recorded for all other groups (P Ͻ 0.01). EMG activity of the groups with moderate (29 Ϯ 4%) or mild symptoms (32 Ϯ 3%) was also significantly greater than that of the control group (13 Ϯ 3%) (P Ͻ 0.01).
Quantitative Sensory Testing
Differences on quantitative sensory tests were demonstrated by the groups with severe or moderate symptoms compared to the control group but not by the group with mild symptoms. The moderate and severe groups had lower PPTs at all test sites except the ulnar nerve site and lower cold pain thresholds when compared with control subjects (P Ͻ 0.01). The group with severe symptoms also showed lower heat pain thresholds when compared with controls (P Ͻ 0.01) ( Figures 1 and 2) . They also showed a decreased range of elbow extension at pain threshold in the BPPT and higher VAS scores of pain than controls and the other two whiplash groups (P Ͻ 0.01) ( Table 3) .
Psychological Tests
The moderate (31.4 Ϯ 2.3) and severe (46.8 Ϯ 4.1) groups had total GHQ-28 scores above the normal threshold (23/24), which were significantly greater than the scores of the mild group (23 Ϯ 2.4) (P Ͻ 0.01), which verged the threshold. With respect to subcomponents of the GHQ-28, the moderate and severe groups showed higher scores than the mild group on the somatic component (P Ͻ 0.01), with the severe group also showing higher scores on the anxiety/insomnia, social function, and depression components than the other two groups (P Ͻ 0.01). When GHQ-28 total scores were included in the analysis of quantitative sensory tests of the three whiplash groups, group differences remained significant for all sensory measures (P Ͻ 0.01) with no interaction between group and GHQ-28 for any measure (P Ͼ 0.13) suggesting that the effect of the GHQ-28 score on the sensory measures is similar irrespective of group allocation. The effect size for GHQ-28 on the quantitative sensory measures was small (partial eta squared ranged from 0.0001-0.144).
There was a significant difference between the three whiplash groups for the TAMPA score (P Ͻ 0.01). Both the groups with moderate or severe symptoms (marginal mean 38.3 Ϯ 1.2 and 44.1 Ϯ 2.1, respectively) had significantly higher TAMPA scores than the mild group (34.8 Ϯ 1.2). When TAMPA scores were included in the analysis of motor data of the three whiplash groups, group differences remained significant for all motor measures (ROM, JPE [right rotation] and EMG) (P Ͻ 0.01). There was no interaction between group and TAMPA for any measure of motor function (P Ͼ 0.13), suggesting that the effect of TAMPA on the motor measures is similar irrespective of group allocation. The effect size for TAMPA on the measures of motor activity was small (partial 2 ranged from 0.00001-0.017). Differences between the groups for the IES approached significance (P ϭ 0.02). The mean (standard error of mean [SEM]) IES score of the group with mild symptoms was 8.9 (2.4). This score was significantly lower than that for the group with moderate symptoms 19 (2.6) (P ϭ 0.0008). However, the difference from the severe group (19.1 [4.4] ) failed to reach significance (P ϭ 0.056). All three groups contained subjects with IES scores more than 26, which is indicative of a moderate or severe posttraumatic stress reaction. 39 These scores were obtained in 41.7% of those with severe symptoms, 34.3% of subjects with moderate symptoms, and 5.6% of subjects with mild symptoms. When considering the total cohort, 22.5% of subjects showed IES scores indicative of moderate or severe posttraumatic stress.
Discussion
Acute whiplash injured patients in this study could be clustered into subgroups according to reported levels of pain and disability. All whiplash subjects demonstrated changes in motor function and varying degrees of psychological distress, regardless of the level of reported pain and disability. While those with moderate and severe levels of pain and disability showed greater psychological distress, the main distinguishing feature from those with lesser symptoms was the presence of generalized hypersensitivity to a variety of stimuli. This enhanced sensitivity occurred independently of psychological distress and is likely as a result of changes in central pain processing mechanisms, evident soon after injury. 5, 7 Values obtained for control subjects for measures of motor and sensory function were similar to those previously reported. 2, 4, 8, 24, 40 Reduced active range of movement was apparent in all whiplash subjects irrespective of their reported symptoms and disability. These findings support those of previous studies where active movement loss has been recognized as a feature of acute WAD. 9, 10, 12 However, this study demonstrated that other changes in motor activity also occur soon after injury. Increased activity in the superficial neck flexor muscles during the cranio-cervical flexion test was evident in all the whiplash subjects and is thought to be indicative of alterations in patterns of muscle activation and recruitment. 2, 41 Previous studies have shown that changes in muscle activation are present in those with persistent WAD; 2, 3, 42 however, this study demonstrated that such changes occur soon after injury and are apparent in all those injured irrespective of symptom severity. These changes may not be unexpected, because investigation of other musculoskeletal pain syndromes has demonstrated muscle changes soon after acute injury. 43 Only subjects with moderate or severe symptoms demonstrated altered kinanesthetic awareness as manifested by greater JPE when relocating from right rotation with the severe group also showing greater error relocating from extension. Although increased JPE has been documented in patients with chronic WAD in whom greater errors were also seen in those with higher self reported pain and disability, 44, 45 it is apparent that such deficits are present soon after injury.
All three whiplash subgroups showed evidence of psychological distress. Although GHQ-28 total was above the threshold (23/24) in the groups with moderate or severe symptoms, the group with mild pain and disability approximated the threshold ( Figure 3) . As would be expected, both the former groups showed greater somatic symptoms and loss of social function than the group with mild symptoms. The severe group also demonstrated greater anxiety/insomnia and depression. However, depression scores were still low in this group with a score of 6.8 Ϯ 1.3 out of a possible 21 indicating that severe depression is not a feature of acute WAD. Previous use of the GHQ-28 in research on WAD has demonstrated that scores were within normal limits 1 week after injury but became elevated in those with more severe symptoms by 3 months. 9 For logistic reasons we were unable to recruit subjects earlier than 1 month after accident, so it is likely that scores for our subjects may well have been within normal limits days after the accident. It would appear that psychological distress may occur between 1 and 4 weeks after the injury but this requires clarification in further studies conducted within days of the accident.
Fear of movement/reinjury is yet to be extensively investigated in WAD. Our data show that those with moderate (38.3 Ϯ 1.2) or severe (44.1 Ϯ 2.1) symptoms have elevated scores on the TAMPA questionnaire that are comparable with those found in chronic low-back pain. 46 Although fears of movement/reinjury may be justified in the acute stage of an injury as a protective mechanism to prevent further tissue damage, 47 early elevated fear avoidance beliefs are predictive of a poorer outcome in acute low back pain. 48 The predictive capacity of fear of movement/ reinjury beliefs in WAD is yet to be evaluated but recent findings suggest that they may be of lesser importance in those with neck pain compared with low-back pain. 49 Acute posttraumatic stress reaction after a whiplash injury has been proposed as being an important factor in those with higher reported pain and may be an indication of delayed recovery. 16,50 Drottning et al (1995) found elevated scores on the IES in whiplash subjects with higher levels of pain both within hours of the accident and at 4 weeks after accident. The results of our study support these findings with 22.5% of our cohort showing elevated IES scores. The difference between the studies is that most of the subjects in the study by Drottning et al with high IES scores were in their "high symptom" group, whereas subjects with high IES scores in our cohort were fairly evenly distributed between the moderate and severe groups. Forty-two percent of those with severe symptoms and 34.3% of the group with moderate symptoms displayed elevated IES scores. Whether acute posttraumatic stress has an impact on the recovery of these subjects remains to be seen.
The feature that clearly distinguished whiplash patients with higher levels of pain and disability from those with lesser symptoms were responses to quantitative sensory tests. Both the groups with moderate or severe symptoms showed lower mechanical pain thresholds in the cervical spine that may reflect sensitization of peripheral nociceptors as a consequence of injured cervical spine structures. This is in agreement with previous studies in which local hypersensitivity has been seen in the head and neck region soon after whiplash injury. 12, 14 However, these groups also showed generalized mechanical hyperalgesia in more remote uninjured areas (upper and lower limbs) as well as cold hyperalgesia within the cervical spine. The phenomena of generalized mechanical hypersensitivity has been demonstrated previously in persons with chronic WAD and has been suggested to be as a result of sensitization of central pain pathways or loss of endogenous pain control mechanisms. 5, 8, 51 However, it is evident from this study that generalized mechanical hyperalgesia occurs in some patients within 1 month of injury. Kasch et al 13 identified local hyperalgesia within the head and neck in acute whiplash subjects but reported that sensitization did not occur at their distal control site (proximal interphalangeal joint). However, unlike our study, no differentiation was made between whiplash subjects with higher reported pain and disability. Our findings emphasize that such differentiation is likely to be important in evaluation of acute WAD patients. Hyperalgesia to cold stimuli may also be caused by changes in the central mediation of pain. 52 However, it has been shown to be a feature of aberrant sympathetic nervous system activity 53 and neuropathic pain caused by peripheral nerve injury 54 and thus may imply the involvement of such mechanisms in those with greater pain and disability after whiplash injury.
The group with severe symptoms generally showed greater overall hypersensitivity than the group with more moderate symptoms, and also demonstrated heightened responses to a test of nerve tissue provocation (the brachial plexus provocation test)-loss of range of movement and increased pain. Similar responses have been documented in subjects with chronic WAD and have been interpreted as reflecting both hyperalgesic motor (elbow extension loss) and sensory (higher pain levels) responses as a result of central sensitization. 40 However, the heightened responses to the BPPT found in this group together with findings of cold hyperalgesia and lowered PPTs over peripheral nerve trunks may suggest the involvement of injured or mechanosensitive nerve tissue (peripheral neuropathic pain) as contributing to symptoms in whiplash patients with higher levels of pain and disability. Such a proposal may be supported by cadaveric studies in which injury to nerve tissue such as nerve roots and dorsal root ganglions has been demonstrated after whiplash injury 55 and by clinical studies in which evidence of nerve tissue irritation and ensuing mechanosensitivity has been shown to be present in chronic WAD. 40, 56 This may be a viable explanation for some of the findings of this study.
Despite evidence for generalized hypersensitivity found in both the moderate and severe groups, interestingly, hyperalgesia to heat was found only in the group with severe symptoms. Although somewhat controversial in the clinical arena, hyperalgesia to heat stimulation has been proposed to be a feature of primary hyperalgesia as a result of nociceptor sensitization 57 but may also occur because of convergence of fibers activated by noxious stimuli and heat on sensitized dorsal horn neurons. 58 It is unclear as to why the group with moderate pain did not also demonstrate such findings but this may reflect the overall greater sensitivity of the group reporting more severe pain and disability.
Despite elevated scores on psychological tests, differences between the whiplash groups on measures of motor function and quantitative sensory tests remained significant when TAMPA and GHQ-28 scores, respectively, were taken into account. Furthermore, the relationships between TAMPA and the measures of motor function and the GHQ-28 and quantitative sensory tests were weak. This would suggest that changes in motor function occur independently of the fear of movement/reinjury and hypersensitive responses demonstrated on a variety of sensory tests are not as a result of elevated levels of psychological distress. Such changes may reflect underlying disturbances in both motor function and pain processing mechanisms presumably as a result of peripheral nociceptive input after injury of cervical spine structures.
It is recognized that those with higher initial levels of pain and disability after whiplash injury will have a poorer outcome, 10, 59, 60 although the reason for this is unclear. This is the first study to identify that those with higher levels of pain and disability show objective evidence of sensory disturbance that differentiates them from those with lesser symptoms. It is possible that these subjects have alterations in central pain processing mechanisms soon after injury, which impedes their recovery. This may have implications for the medical management of this particular group with acute whiplash injury.
Key Points
• Whiplash injury induces changes in motor function and psychological distress irrespective of pain and disability levels.
• Generalized hypersensitivity to a variety of stimuli, suggestive of central nervous system sensitization, differentiates those with higher levels of pain and disability from those with lesser symptoms.
• Generalized hypersensitivity occurs independently of psychological distress.
